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Figure 6. Growth indices (lunar days) and SST fitted with a Gaussian function. The dashed lines indicate the upper and lower growth 
temperature thresholds in Chione (C.) cortezi and Chione (C.) fluctifraga. 


Growth breaks accompanied by dark lines on the ex¬ 
terior shell surface are commonly observed within the 
winter and summer bands. Furthermore, some specimens 
exhibit a spawning break in late spring. 

Microgrowth increments form with tidal rhythms and 
are useful for dating special events (summer, winter, tidal 
cycles, storms, spawning, etc.). 

Maximum growth rates occur during April to June and 
again during October. Growth occurs between February 
and December and is suppressed by temperature extremes 
both during the cold season and the hot summer period 
(mid July to mid September). 

Acknowledgments. This study has been made possible by a 
postdoctoral scholarship (Lynen program) by the Alexander-von- 
Humboldt foundation (to B.R.S.) and NSF grant EAR 9805165 
to (K.W.F.). Reynolds sea-surface temperature (SST) data were 
obtained by the NOAA-CIRES Climate Diagnostics Center, 
Boulder, Colorado, at http://www.cdc.noaa.gov/. We are grateful 
to Sean Connolly and Jon Pelletier for helpful discussions and 
to Dave Bentley for advice in staining thin sections. We thank 
Barry Roth and an anonymous reviewer for comments that im¬ 
proved the manuscript. This is C.E.A.M. (Centro de Estudios de 
Almejas Muertas) publication no. 39. 

LITERATURE CITED 

Barker, R. M. 1964. Microtextural variation in pelecypod shells. 
Malacologia 2:69-86. 

Berry, W. B. N. & R. M. Barker. 1968. Fossil bivalve shells 
indicate longer month and year in Cretaceous than Present. 
Nature 217:938-939. 

Berta, A. 1976. An investigation of individual growth and pos¬ 
sible age relationships in a population of Protothaca stam- 
inea (Mollusca: Pelecypoda). PaleoBios 21:1-25. 
Bertalanffy, L. v. 1934. Untersuchungen iiber die Gesetzlich- 
keit des Wachstums. I. Teil. Archiv fur Entwicklungsme- 
chanik der Organismen 131:616-652. 

Buddemeier, R. W. 1975. Sclerochronology: a data source for 
reef systems models. Pacific Science Congress Record of 
Proceedings 13:124. 

Clark, G. R. ii 1975. Periodic growth and biological rhythms in 
experimentally grown bivalves. Pp. 103-117 in G. D. Ro¬ 


senberg & S. K. Runcorn (eds.): Growth Rhythms and the 
History of the Earth’s Rotation. J. Wiley: London. 

Clark, G. R. ii. 1979. Seasonal growth variations in shells of 
Recent and prehistoric specimens of Mercenaria inercenaria 
from St. Catherines Island, Georgia. Anthropological Papers 
of the American Museum of Natural History 56:161-172. 

Coe, W. R. 1948. Nutrition, environmental conditions, and 
growth of marine bivalve mollusks. Journal of Marine Re¬ 
search 7:586-601. 

Coe, W. R. & J. E. Fitch. 1950. Population studies, local growth 
rates and reproduction of the Pismo clam ( Tivela stiiltormu). 
Journal of Marine Research 9:188-210. 

Cook, E. R. & L. A. Kairiukstis. (eds.) 1990. Methods of Den¬ 
drochronology. Applications in the Environmental Sciences. 
Kluver: Dordrecht. XII + 394 pp. 

Crabtree, D. M., C. D. Clausen & A. Roth. 1980. Consistency 
in growth line counts in bivalve specimens. Palaeogeogra- 
phy, Palaeoclimatology, Palaeoecology 29:323-340. 

Dodd, J. R. & R. J. Stanton. 1990. Paleoecology. Concepts and 
Applications. 2nd ed. J. Wiley: New York, xvi + 502 pp. 

Davenport, C. B. 1938. Growth lines in fossil pectens as indi¬ 
cators of past climates. Journal of Paleontology 12:514-515. 

Evans, J. W. 1972. Tidal growth increments in the cockle Cli- 
nocardium iiuttalli. Science 176:416-417. 

Fritts, H. C. 1976. Tree Rings and Climate. Academic Press: 
London xii + 567 pp. 

Grossman, E. L. & T.-L. Ku. 1986. Oxygen and carbon isotope 
fractionation in biogenic aragonite; temperature effects. 
Chemical Geology: Isotope Geoscience Section 59:59-74. 

Hall, C. A. jr., W. A. Dollase & C. E. Corbato. 1974. Shell 
growth in Tivela stiiltormu (Mawe, 1823) and Callista chi¬ 
one (Linnaeus, 1758) (Bivalvia): Annual periodicity, latitu¬ 
dinal differences, and diminution with age. Palaeogeogra- 
phy, Palaeoclimatology, Palaeoecology 15:33-61. 

Hudson, J. H., E. A. Shinn, R. B. Halley & B. Lidz. 1976. 
Sclerochronology: a tool for interpreting past environments. 
Geology 4:361-364. 

Jones, D. S. 1980. Annual cycle of shell growth increment for¬ 
mation in two continental shelf bivalves and its paleoeco- 
logical significance. Paleobiology 6:331-340. 

Jones, D. S. 1983. Sclerochronology: reading the record of the 
molluscan shell. American Scientist 71:384-391. 

Jones, D. S., I. Thompson & W. Ambrose. 1978. Age and growth 
rate determinations for the Atlantic surf clam Spisula soli- 

















The Veliger, Vol. 45, No. 1 


Page 54 


dissima (Bivalvia: Mactracea), based on internal growth 
lines in shell cross-sections. Marine Biology 47:63-70. 

Jones, D. S., M. A. Arthur & D. J. Allard. 1989. Sclerochron- 
ological record of temperature and growth from shells of 
Mercenaria mercenaria from Narragansett Bay, Rhode Is¬ 
land. Marine Biology 102:225-234. 

Jones, D. S. & I. R. Quitmyer. 1996. Marking time with bivalve 
shells: oxygen isotopes and season of annual increment for¬ 
mation. Palaios 11:340-346. 

Jones, D. S. & S. J. Gould. 1999. Direct measurement of age 
in fossil Gryphaea; the solution to a classic problem in het¬ 
erochrony. Paleobiology 25:158-187. 

Keen, A. M. 1971. Sea Shells of Tropical West America. 2nd 
ed. Stanford University Press: Stanford, California x + 1078 

pp. 

Kennish, M. J. & R. K. Olsson. 1975. Effects of thermal dis¬ 
charges on the microstructural growth of Mercenaria mer¬ 
cenaria. Environmental Geology (Springer) 1:41-64. 

Kirby, M. X., T. M. Soniat & H. J. Spero. 1998. Stable isotope 
sclerochronology of Pleistocene and Recent Oyster shells 
(Crassostrea virginica). Palaios 13:560-569. 

Koike, H. 1980. Seasonal dating by growth-line counting of the 
clam, Meretrix lusoria. University Museum, University of 
Tokyo, Bulletin 18:1-120. 

MacDonald, B. A. & M. L. H. Thomas. 1980. Age determi¬ 
nation of the soft-shell clam Mya arenaria using shell in¬ 
ternal growth lines. Marine Biology 58:105-109. 

Martinez-Cordova, L. R. 1988. Bioecologia de la almeja negra 
Chione fluctifraga (Sowerby, 1853). Revista de Biologia 
Tropical 36 (2A):213-219. 

Moore, R. C. 1969. Treatise on Invertebrate Paleontology. The 
Geological Society of America: Boulder, Colorado. 

Mutvei, H., T. Westermark, E. Dunca, B. Carell, S. Forberg 
& A. Bignert. 1994. Methods for the study of environmen¬ 
tal changes using the structural and chemical information in 
molluscan shells. Bulletin de l’lnstitut oceanographique, 
Monaco, n° special 13:163-186. 

Pannella, G. 1976. Tidal growth patterns in Recent and fossil 
mollusk bivalve shells: a tool for the reconstruction of pa- 
leotides. Die Naturwissenschaften 63:539-543. 

Pannella, G. & C. MacClintock. 1968. Biological and envi¬ 
ronmental rhythms reflected in molluscan shell growth. Pa¬ 
leontological Society, Memoir 42:64-81. 

Peterson, C. H. 1983. Interactions between two infaunal bi¬ 
valves, Chione nndatella (Sowerby) and Protothaca stami- 
nea (Conrad), and two potential enemies, Crepidula onyx 
Sowerby and Cancer anthonyi (Rathbun). Journal of Exper¬ 
imental Marine Biology and Ecology 68:145-158. 


Rhoads, D. C. & R. A. Lutz, (eds.) 1980. Skeletal growth of 
aquatic organisms. Biological records of environmental 
change. Topics in Geobiology T. 1-750. 

Richardson, C. A., D. J. Crisp & N. W. Runham. 1980. An 
endogenous rhythm in shell deposition in Cerastoderma ed- 
ule. Journal of the Marine Biological Association of the 
United Kingdom 60:991-1004. 

Richardson, C. A., D. J. Crisp & N. W. Runham. 1981. Factors 
influencing shell deposition during a tidal cycle in the inter¬ 
tidal bivalve Cerastoderma edule. Journal of the Marine Bi¬ 
ological Association of the United Kingdom 61:465-476. 

Roux, M.. E. Schien, M. Rio, F. Davanzo & A. Filly. 1990. 
Enregistrement des parametres du milieu et des phases de 
croissance par las rapports 18 0/ 16 0 et 13 C/ 12 C dans la coquille 
de Pecten maximus (Pectinidae, Bivalvia). Comptes Rendus 
de l’Academie des Sciences, Serie 2, Mecanique, Physique, 
Chimie, Sciences de PUnivers, Sciences de la 385-390. 

Sato, S. 1994. Analysis of the relationship between growth and 
sexual maturation in Phacosoma japonicum (Bivalvia: Ve- 
neridae). Marine Biology 118:663-672. 

Sato, S. 1995. Spawning periodicity and shell microgrowth pat¬ 
terns of the venerid bivalve Phacosoma japonicum (Reeve, 
1850). The Veliger 38:61-72. 

Schone, B. R. 1999. Scleroecology: Implications for ecotypical 
dwarfism in oxygen-restricted environments (Middle Devo¬ 
nian, Rheinisches Schiefergebirge). Senckenbergiana Le- 
thaea 79:35-41. 

Thompson, I., D. S. Jones & D. Breibelbis. 1980. Annual inter¬ 
nal growth banding and life history of the Ocean Quahog 
Arctica islandica (Mollusca: Bivalvia). Marine Biology 57: 
25-34. 

Turekian, K. K., J. K. Cochran, Y. Nozaki, I. Thompson & D. 
S. Jones. 1982. Determination of shell deposition rates of 
Arctica islandica from the New York Bight using natural 
228 Ra and 228 Th and bomb-produced 14 C. Limnology and 
Oceanography 27:737-741. 

Villearreal-Chavez, G., F. Garcia-Dominguez, F. Correa & 
N. Castro-Castro. 1999. Nota sobre la distribution geo- 
grafica de Chione cortezi (Carpenter, 1864) (Mollusca: Pe- 
lecypoda: Veneridae). Ciencias Marinas 25:153-159. 

Wells, J. W. 1963. Coral growth and geochronometry. Nature 
9:948-950. 

Williams, D. E. M. A. Arthur, D. S. Jones & N. Healy-Wil¬ 
liams. 1982. Seasonality and mean annual sea surface tem¬ 
peratures from isotopic and sclerochronological records. Na¬ 
ture 296:432-434. 

Zolotarev, V. N. 1980. The life span of bivalves from the Sea 
of Japan and Sea of Okhotsk. Soviet Journal of Marine Bi¬ 
ology 6:301-308. 



The Veliger 45(l):55-57 (January 2, 2002) 


THE VELIGER 

© CMS. Inc., 2002 


The Influence of Hunger and Olfactory Cues on the Feeding Behavior of 
the Waved Whelk, Buccinum undatum, on the Blue Mussel, Mytilus edulis 

JOHN C. THOMPSON* 

Department of Zoology, University of New Hampshire, Durham, New Hampshire 03824, USA 


Abstract. A marine prosobranch gastropod, the waved whelk Buccinum undatum, is a ubiquitous predator in the 
North Atlantic. Previous studies have shown the whelk's diet to consist primarily of bivalve mollusks that the whelk 
can open using the lip of its shell as a wedge. This experiment investigated the circumstances under which whelks will 
attempt to feed upon the blue mussel Mytilus edulis. Whelks did not attempt to feed upon intact mussels after a period 
of starvation of 2 weeks, but were significantly more likely to attempt to feed after 6 weeks starvation. However, because 
of the mussel's ability to close so tightly, this was usually unsuccessful. Whelks starved less than 6 weeks attempted to 
feed only on mussels that had sustained tissue damage. Whelks were also attracted to water from injured mussels. This 
suggests that, despite the relatively high abundance of blue mussels, whelks feed on these mussels only opportunistically. 
This supports the argument that B. undatum is primarily a scavenger and has only limited success as a predator upon 
healthy bivalves. 


INTRODUCTION 

The marine prosobranch gastropod, the waved whelk 
Buccinum undatum (Linnaeus, 1758), is abundant in the 
North Atlantic. It tolerates a wide range of salinity and 
is found in depths as shallow as the mean low water mark 
and as deep as 1000 m (Brock, 1936; Fretter & Graham, 
1962). It is considered to be a carnivore with a tendency 
to scavenge (Blegvad, 1915). Prior studies of stomach 
analysis have shown the whelk’s diet to be dominated by 
bivalve mollusks (Nielsen, 1975). After an extensive 
study of Buccinum predation on many species of bivalves, 
Nielsen (1975) concluded that only rarely were the 
whelks able to overcome healthy bivalves of most spe¬ 
cies—including Mytilus edulis , the blue mussel. The 
whelk’s method of attack is to crawl upon the shell and 
orient itself so that the anterior margin of the foot is in 
contact with the ventral edge of one of the shells of the 
bivalve. If the bivalve is open after this procedure, or if 
it reopens again after the whelk has settled, the whelk 
suddenly contracts and forces the lip of its shell in be¬ 
tween the valves of the bivalve, preventing its closure. If 
the resulting opening is large enough, the whelk will then 
insert its probiscis and begin tearing flesh with its radular 
apparatus (Nielsen, 1975). Nielsen observed that Buccin¬ 
um was rarely able to overcome healthy bivalves of most 
species. Mytilus edulis (Linnaeus, 1758) and Modiolus 
modiolus (Linnaeus, 1758) were able to close tightly 
enough that the whelks usually gave up any attempts to 
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open and crawled away. At times during an attempt to 
open, the mussels would close so tightly upon the lip of 
the whelk’s shell as to cause it to break. One can find 
many whelks in a population with such scars, indicating 
that the process of preying upon healthy bivalves is dif¬ 
ficult, dangerous, and potentially energetically expensive. 

This experiment examined the circumstances under 
which whelks will attempt to feed on blue mussels. 1 ex¬ 
amined their motivation to feed after 2 and 6 weeks of 
starvation to test the hypothesis that whelks should only 
attempt to feed upon healthy blue mussels after a suffi¬ 
cient period of starvation. I also examined the differences 
between whelk feeding attempts on mussels that had sus¬ 
tained tissue damage and those that had not sustained 
tissue damage. Finally, 1 examined the olfactory cues nec¬ 
essary to stimulate feeding behavior. 

MATERIALS and METHODS 

Whelks were collected from the subtidal Gulf of Maine 
waters in the vicinity of the Isles of Shoals, New Hamp¬ 
shire; along the coast of New Castle, New Hampshire; 
and in Eastport, Maine. They were kept in filtered sea¬ 
water at I0°C. Each whelk was used once in experiments 
and then released. The prey species Mytilus edulis was 
collected from intertidal and subtidal locations along the 
New Hampshire and Maine coastlines. Prey specimens 
were also kept in filtered seawater at 10°C. Mussels used 
were between 1.2 cm and 6.3 cm in length. 

The whelks were fed fresh, pre-opened M. edulis at a 
designated time prior to each experiment. This was fol¬ 
lowed by a period of food deprivation to establish a uni¬ 
form level of hunger in all whelks used in that particular 
trial. 





